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METHODS FOR THE PRODUCTION OF 
BACTERIA CONTAIISIING EUKARYOTIC GENES 



RArKHROUND OF THE INVENTION 

5 rross-ref pr^nce to Related Application 

This application is a continuation-in-part of 
application serial no. 08/261,977, filed on June 17, 
1994 . 

Fi^ld of the Invention : 

10 The present invention relates to methods for 

producing bacteria that contain eukaryotic genes. More 
specifically, the invention relates to methods for 
culturing retrovirally-transf ormed eukaryotic cells 
under conditions whereby bacteria containing eukaryotic 

15 genes subsequently are isolatable from the culture. 
ni:>c;nriptio n of the Background Art: 

During the past century, highly pleomorphic 
bacteria have been isolated from human patients with a 
variety of illnesses including cancer, acquired 

20 immunodeficiency syndrome (AIDS) and Hodgkin's disease. 

In the late 19th century, researchers believed 
that cancer was caused by an infection. But by the 
1920 's, after numerous microorganisms were isolated and 
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..sted for vaccination potential, researchers 

tested ror v ^anr-er can be caused 

discovered that the metastases of cancer can 

the spread of cancer cells within the host. 
iLordin^V, -e focus of cancer research turned awa. 
^=^-^r^n of microorganisms. 

£,on> the blood and tutors of huu.ans and an.n.al= -xth 

cancer , see Voun,. ^...Jl^ ^-'O' 
cancel ^^^j. 

^--f-;^^^-;^^:,.. Clove, e. al.. ^ 

LflO^lS^-E^^^ (1926) £6. . ,1929) 
,iQ35l 2A:162; Stearns et al., .7 , Pflrteiia j. 
I192M 2i.i characteristics 
is-227). These bacteria oiten » ^ j 

w and could be observed 

„j cell wall-deficient bacteria and cou 

H of cancer patients by darkfield 
.he blood 1121^11^^^ ,„,.ced bv in.ectln, 

thlirrac e.ia into el^ri^ental a„i.als, and so^e 
o. cancer were shown to be ^^^-"^^ ^JJ^ 
..Hi-h killed bacteria isolated from 
^"""^:ral anla affected with the specific cancer, 
experi-nental -""^ ,,ccinated a group of mice 

„..h IriirdTa ^ra Which had been originally isolated 
:::: :L S...^. another group of ..oe^was 

v^.ld as unvaccinated controls. All these m 
held as unva Sixty percent of the 

.hen Challenged , ^ ilpLnts after 10 

r^'^ar::::: il: "nitelv. but an contrd .ice died 

r/:;:: ^ors .-----r^,:r;ft^re^i;ce 

. •-, .iw seibert vaccinated young, inbred rema 

r: strain of mice havin. a high incidence of breast 

Z lel^-^.lleci bacteria isolated from a mouse 
cancer with heat kiJ-i ^ ^^^^^ ^.^^ 



15 



20 



25 



30 



UOliW^J- • . 

*-Vii«; same strain- 
with breast cancer of this sam 
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showed a statistically significant delay in developing 
this seemingly inherited breast cancer as compared with 
unvaccinated female controls r J- Reticuloendothelial 
Soc, (1977) 21:279) . 
5 The bacteria showed a remarkable tendency toward 

pleomorphism in culture, sometimes appearing as cocci, 
sometimes as straight or curved rods, sometimes as 
motile bacilli, and sometimes mimicking fungi by 
producing pseudohyphae or larger spore sacs. Some 
10 stages of the bacteria could be passed through filters 
designed to hold back all ordinary bacteria. On 
culturing these filtrates, the original bacteria would 
regrow . 

Later researchers confirmed and extended these 

15 findings (See Wuerthle-Caspe et al., Ann ^ Ac^d^ 
Sci , (1970) 174 : 636; Alexander- Jackson, Growth (1966) 
in:199; Diller et al-, Ann. N,Y. Acad. Sci, (1970) 
174 :655; Seibert et al . , N-Y. Acad, Sci., Series 11 
(1972) 11:504; Inoue and Singer, Natu;t:g (1965) 

20 205 : 408) > When sent to reference laboratories for 

identification, the organisms were classified as common 
bacteria such as Staphylococcus or Corynebacterium 
species. But the long time often required for their 
primary isolation, their sensitivity to the composition 

25 of the media, the fried egg appearance of many of their 
primary isolates, and their marked pleomorphism in 
culture suggested that their in vivo forms were that of 
cell wall-deficient bacteria (Mattman, "Cell Wall 
Deficient Microorganisms", CRC Press: Philadelphia, 

30 1974) . 

More recently, similar highly pleomorphic bacteria 
have been isolated from the blood and urine of AIDS 
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^^sease in which patients 
ivTns is a complex disease a 
patients. AIDS is H«.ficiency virus (HIV) 

:„,ec.e. Wit. n T/sItlve .U-=V«s a„a 

experience depletion o* =^ / infections and 

,„«et £to. an array loss o£ CO-. 

5 unusual malignancies. T P deterioration 
pc..tive T cells -a su-e,uent ^^^^^^ 
^rrelate drrect V w t^ o^^^^^^^^ ^^^^ ..er 
see ^--"f;°;;3\„^er of co-factors, includrn. a 
„XV "P«=";"^;^^,„,,„3 Viruses and .ycoplas.a 
10 variety of heterol ^^^^..^^^..^^.i^^^^^^ 
(Chowdhory et al-, B-^ fermentans . in 

a„0, ^=136... , Hi,, percentage 

particular, >.as .een "^f^,, tne 

- K--infected .esearc.ers are 

microbe m AIDS is n ^^^^^^ al., 

..te„pting to -t::::;- et a., .ancet U.n, 

tt™^''--^^^^'''^ , ILc2t (1992) iifl: 1312)- I" 
^..1415, «an, ,,ents (VLIVs, have 

,ddition. ''"--;^^'';;„3 ,,,,,«s v,n.cn have been s»ov,n 
been isolated from P ^^^^^ ^ are 

cause a ,,3Pe l.o et al . , Bm^ 



15 



20 



25 



30 



- cause a =VSte».>- ^^^^^ 
heterogenous .n .oth ^^^^ ^^^^ 

1^^^=-'*^^''^ ! ter limiting membrane but to lack 
a cell wall (1-° ^"^^ 

4Sl:399)- another malignancy with 

Hodgkin^s diseased rs ye 

evidence of -'---^rilent bacteria have been 
contagiousness. « „„„ting first isolated a 

isolated from P'^^^""' a„^, untreated cases of 

...ain bacterium - _ extremely 

Hodgkin's disease. 
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pleomorphic (Bunting, Bull. Jo hns Hopkins Hosp. (1914) 
2^:173). Later, Mazet isolated 26 strains from 
Hodgkin's patients which were also extremely 
pleomorphic (Mazet, Montpelier Med. 1941 (1941) 316. 
5 Cell wall-deficient ("CWD") bacteria are bacteria which 
are highly pleomorphic, exhibit poorly developed or 
absent cell walls, and include not only the mycoplasma, 
or PPLO's, but also L-form bacteria which have the 
ability to revert to cell wall producing bacteria in 

10 culture. Some CWD bacteria produce a protein 

resembling chorionic gonadotropin hormone, a substance 
which appears to protect trophoblastic and cancer cells 
from immune recognition. There is some evidence that a 
plasmid may be responsible for this property and even 

15 that these bacteria may in some manner be intimately 
associated with retroviruses. (Macomber, Medical 
Hypothesis (1990) Ji2.:l-9)- 

Studies of cell wall-deficient bacteria have been 
hampered by difficulties encountered isolating and 

20 culturing them. Specific strains are often difficult 
to reisolate. In addition, many questions regarding 
the evolutionary origins of bacteria, cell wall- 
deficient or not, and their role in human and animal 
diseases remain unanswered - 



25 .SUMMARY OF THE INVENTION 

One object of the present invention is to provide 
novel bacteria containing and expressing eukaryotic 
genes . 

Another object of the invention is to provide a 
30 process for producing such bacteria by culturing virus- 
infected eukaryotic cells under conditions whereby the 
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.1. are isolatable from the cell 
bacteria subsequently are 

culture. present invention is to 

, fu.t.er c«ec. of P ^^^^^^^^^ in 

provide a p„duct=, culturin, such 

particular hu»an J^^^,„ 3„eh products are 

-""^":r:;;:rra "r^^ reco.ra.ie .o. t. 

expressed by ttie i> 

bacterial culture ■.edium. ^^^^ .^^^^^^^^ 

, «urt.er o.,ect th J^^^^ 
provide vaccines der 

, further ^ detection of 

provide systems for 9 „uy-mediated 

bacteria. -"""""^^ to such bacteria, 

diseases comprising antr ^^^^^ i„„ent.on is to 

further object of P 3 ^ems, derrved from 

provide "P""-:;::;:::;ani.al or eu.aryotic genes. 
,uch bacteria, that P ^^^^^^ ,3 to 

' '"a trfal en.ymes and other useful 
provrde ? 3„,, bacteria. 

biochemicals ^^^^J^^^ the present invention is to 
, ,„rther ob,ec ^^^^^^^ ^^^^^,,„^ 

p.ovide .ucn bacteria, 

antibiotics. deii'« ^^^.^^ „iU become 

T-hese and other objects. description. 

apparent during - -^^rable as a result of the 
have been achieved or ar ^^,„,e 
inventor .s discovery that ^^^^^ 

,irus-infected --V-c;^ „,i.h contain and 

conditions so as f g^nes. 
preferably express anrmal and/ 
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HRTATLED DESCRIPTI ON OF THE PREFERRED EMBODIMENTS 
In a first embodiment, the present invention 
provides a bacterium containing eukaryotic and/or viral 
genes. The bacteria of the invention typically are 
5 highly pleomorphic, can contain both eukaryotic and 
viral genes and preferably express at least one 
eukaryotic gene such that the gene product is 
recoverable upon culturing the cells. By "eukaryotic 
gene" it is meant functional genetic information that 

10 was present in the eukaryotic cell being cultured and, 
preferably, which encodes a protein having commercial 
value and which is expressed by the bacterium. The 
"eukaryotic gene" present in the bacterium need not be 
identical to the gene present in the eukaryotic cell. 

15 For example, although genes in many eukaryotic 

organisms contain sequences (such as introns) that do 
not code for the polypeptide sequence of the product of 
that gene, and which may not play any role in the 
normal expression of the gene product, the "eukaryotic 

20 gene" present in a bacterium of the present invention 
need not contain such "non-coding" sequences. Other 
differences between the gene present in the eukaryotic 
cell and the gene present in the bacterium, which do 
not effect the bacterium's ability to express a desired 

25 gene product, may exist. 

In some physical or morphological aspects the 
bacteria obtained according to the present invention 
can resemble bacteria reported to have been isolated 
from cancer patients and AIDS patients, that is, the 

30 so-called pleomorphic or cell-wall deficient bacteria. 

Specific examples of bacteria obtained according to the 
present invention include: 
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^Ao^onraanism_ 
2P 



10 



KTCC 
55589 



KTCC type 

Staphylococcus 
aureus 



protein (s) expressed 

Human serum albumin 
(HSA) , Pan protein 
Kinase C (P^C) , 

Basic fi»=^°^^^^J;r.GFl 
growth factor (bFGF) , 

bFGF receptor 

derived growth factor 
(PDGF) , PDGF receptor 
(PDGF-R), Moloney 
nvurine leukemia viral 
p30 (p30), 
HLA-DS (a chainW 
^.fetoprotein (AFP), 
Transforming growth 

factor2Pl.JTGFPll 




T5590 1 staphylococcus 
• capitis 



HSA, PKC, bFGF, 
bFGF-R, PDGF-AB, 
PDGF-Rr P30' . 
HLA-DS (a chain) , 

app. TGFgl. 



55588 



55592 



Micrococcus 
luteus 



Staphylococcus 
hemolyticus 



HSA, bFGF, bFGF-R 

HSA, PKC, bFGF, 
bFGF-R, PDGF-AB, 

HSA, PKC, bFGF, AFP 

_bFG|j:R-_P22!j:^ 

HSA, '^FGF, P30_. 

\ ' 1 uqA PKC, bFGF, 

T^r^rTstaphylococcus HSA^^ ^^^.^^^ p.FP, 

I epidermidis j ^^^^^.^.b, P^<L 



^Zir6eposLte<^ in accordance with 

These bacteria were f American 
^ Treaty on June 13, 1^^"' 
the Budapest Treaiiy parklawn Drive, 

,,pe culture Collection 12 ^^^^^^ 
RocKville MD 20852 under the 



BNSDOCID- <WO_ 



8813472A1_L> 



wo 98/13472 PCT/US97/16652 



10 



above. Additionally, bacteria obtained according to 
the present invention have been isolated and typed as 
Bacillus licheniformis, a GRAS (generally-recognized- 
as-safe) microorganism. 

The present invention also provides a process for 
producing bacteria containing at least one eukaryotic 
(preferably animal and, most preferrably, human) gene. 
The process of this invention, sometimes called de novo 
speciation, can be divided into the following stages: 

(i) culturing virally-inf ected eukaryotic cells 
under low oxygen conditions to produce a bacterium 
containing a eukaryotic and/or viral gene; and 

(ii) selecting and replicating at least one such 
bacterium. 

15 Preferably, the low oxygen conditions comprise 

alternating anaerobic culturing conditions with at 
least one brief period of exposure to an aerobic or 
microaerophillic condition. The step of selecting and 
replicating the bacterium preferably is carried out 

20 under standard bacteriological (aerobic) cell culturing 

conditions. Each of the steps preferably is carried 

out under aseptic conditions, thereby eliminating or 

reducing the possibility of contamination. 

I. Culturing virally-inf ected cells under 
25 Ir^w oxyg e n rnnditions to produce bacteria 

Suitable virally infected eukaryotic cells, such 
as retrovirally-infected animal cells, can be obtained 
from a variety of sources including the American Type 
Culture Collection (ATCC) . Alternatively, suitable 
retrovirally infected cells can be prepared by, for 
example, infecting an animal cell with a retrovirus 



30 
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using 
by 



10 



15 pre 



20 



. . such as those disclosed 
r^t-ional techniques, sucn 
conventional ^^^^^^ 

Robinson et al., ^^^^.^ ^^^^3 ^ yeast 

The term "^^'""^^^^^J^ one of the following 
cell or a cell isolate piatyhelminthes, 

Nematoda. Rotifera, Bast „emi<=h=rdata. 
onychophora, "^"f;/;;;;,.,.„Wy isolated £rc. t.e 
Chordata. The^e „amaals, most 

phyla Chordata, ^^^^^ ^a^nalian cells 

p,e£erably fro. ''7"; ^^/^^.....n, «aln capiUa.y 
include endothelial p^,,,., hepatoma cells 

endothelial cells. -7/;;^;:,,^ are preferred. 
,nd fibroblasts. ^"^^/^'J.^ particularly 
B„in capillary -^^^ endothelial cells 

preferred, and human brarn 

are most preferred^ can be used. Preferably 

R„y infectious retrov ^,„kemia virus, L- 

' -"°-"%r «: rrisTh lurine leu.e„ia virus 
t;ell virus, SIV, HIV o viruses: 
is "sed Csee Dic.son " ^ , . 1. Weiss et 

Molecular Biology °^ ...oratory Press; 

""3::::::, a animal or euKaryotic cell 
1984,. element can be used. 

„hich contains a provira ^^^^^^^ therefrom 

. .iw DNR viruses or vecro 
Additionally. u» 

(e.g. SV-40 vector) can ^^^^ invention 

.he bacteria -"f;- r^^./^ith a preferred 
- suitably pro-; ^„,„,3,in, retrovirally 

embodiment of the i 

infected animal cells anaerobic culture 

under low o^.;^ ^^l;^ ...er.ittent exposure to 
conditions wxth at lea 
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ei 

30 
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aerobic or microaerophilic conditions (hereafter 
referred to as "alternating anaerobic/aerobic" 
conditions or "anaerobically/aerobically cultured") in 
eukaryotic medium such as DMEM, RPMI, F12, F-10, M199, 
5 BME (Basal Media eagle), Leibovitz's L-15, Fischer's 
medium, McCoy's or Weymouth's medium, or in the cell 
culture medium described in the Examples that follow. 
The alternating anaerobic/aerobic incubation typically 
is conducted for at least 24 hours, preferably 24-72 
10 hours, at 20-50*^C, preferably 30-40^C, most preferably 
at about 37^C- Suitable bacteriological medium (in 
which the cells are cultured using standard 
bacteriological cell culture conditions following the 
anaerobic/aerobic culturing step, as described herein) 
15 includes Staphylococcus Medium 110 Agar, a concoction 
of sunflower seeds, Iceland moss, Irish moss (See 
Glover, r^n . Lanc et Pract. (1930) 15:92); 3:1 ascitic 
fluid: nutrient agar (see Nuzum, 3Mrqt gyn^gQl r Ob?tet;- 
(1925) IJL:343), Brain Heart Infusion, Bromthymol Blue 
20 Lactose Agar, Dubos Medium, Dextrose Blood Agar, 

Peptone-Yeast Extract Broth, Staphylococcus Broth, PPLO 
Media with or without Crystal Violet, Mannitol Salt 
Agar, Thioglycolate Medium, Brewer Modified, Peptone 
Glucose Yeast Extract Agar, Phenol Red Mannitol Agar, 
25 Phenylethanol Blood Agar, Sheep's Blood Agar, Mannitol 
Salt Broth, Lur ia-Bertani Broth, and Trypticase Soy 
Broth . 

Suitable anaerobic conditions include an 
atmosphere of 0-2 v/v % oxygen, preferably 0-1 v/v % 
30 oxygen, most preferably less than 0.1 v/v % oxygen, 
most preferably 0 v/v % oxygen! The anaerobic 
atmosphere is typically an inert gas such as N2 or Ar. 
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<-„rNirallv include an 

,t.osphere -""-"\:°;;,;;'Lr example, air wit. ^% 

used for anaerobic culturxng, amo.phere 

^ Hioxide, an atmosphere of air, 
carbon d.ox.a ^ 

5 containing up to 

After alternating -aero.x ae^ ^^^^^ 



^fter alternating an.. ^^,,,,ed under 

ir.r cells therefrom) is cux 
the medium (or cell replication of 

-"^"^:%:rrrt:rr:::cterioio.icaioeii 

, bacteria, such example, the medium 

euiturln, -"-'-f; ^„,.e,,,, the anaerobic/aerobic 
containing the „^,„i„ed the.efrom, are 

culturing step, or cei ^,,^^,3 between about 4 

...ebicaii. incubat- at temp ^^^^^ 

, 50« C P;;;-;;;j^^^ ,,,3 pre.erabiv for 

preferably for seve ^^^^^^^^ .,„,„,,callv 

several weeks. m tn atmosphere containing 

.^cubated" greater than S Wv. 

^'"'7 Its 1: an';e^btained b. culturing in air. 
r one el^odlment. the medium containing 

^-^ r^*=»v^ris from the 
eukaryotes and -"""f ^suspended, 
.naerobic/aerobic conventional 

,.Xuted and - rg JctLia can be used 

„ medium — ^^;;;;;,"rgar Staphylococcal Medium, 
including -^^^'^^J^l^'J^.,^.. Blue .actose .gar. 
Brain Heart Infusion, p^p^one-Yeast 
Dubos Medium, Dextrose Blood g ^^^.^ ^.^^ 

Extract Broth, Staphylococcus Broth, 
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without Crystal Violet (Growth is tolerated by any 
enrichment medium. However, high-salt media tolerate 
growth of L-forms and mostly Staphylococcus species.), 
Mannitol Salt Agar, Thioglycolate Medium, Brewer 
5 Modified, Peptone Glucose Yeast Extract Agar, Phenol 
Red Mannitol Agar, Phenylethanol Blood Agar, Sheep's 
Blood Agar, Mannitol Salt Broth, Luria-Bertani Broth 
and Trypticase Soy Broth. The medium can be the same 
or different from the medium used during the 
10 anaerobic/aerobic eukaryotic cell culturing step. 

Alternatively, the anaerobically/aerobically 
cultured media containing eukaryotic cells is first 
filtered prior to the aerobic {or "bacteriological") 
culturing step. Conventional techniques can be used to 
15 filter the media such as those described by Mattman 

{"Cell Wall-Deficient Forms: Stealth Pathogens", 2nd. 
ed., CRC Press: Boca Raton, Florida, 1993. See ch. 24 
in particular) . The media is suitably filtered through 
a 0.1-0-8 urn filter. Suitable filters include 
20 membranes, diatomaceous earth, porcelain, asbestos and 
sintered glass. Membrane filters are preferably used. 
The filtrate is then transferred to the bacteriological 
culture media described above. 

Depending on the porosity of the filter, various 
25 forms of bacteria can be isolated. For example, to 
isolate cell wall-deficient bacteria, the 
anaerobically/aerobically cultured media is first 
filtered through a 0.20-0.45 pm filter, preferably a 
0.22 ]im filter. Bacteria with cell walls may be 
30 obtained by using a filter with a larger pore size. 

The present invention also provides a method for 
producing biological products by culturing the bacteria 
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.V, cresent process. The bacteria of the 

euRaryot.c genes, . ,„,,,£erons, and the.r 

S - factors ana receptors ,.ucn as 

receptors) , growth fact £,^,„blast growth 

-^<'""";;;""jrc f I'ast growth factor 

: I growth factor ^, .B. and BB>POCr ^. 

pl3telet-derxved g ^^^^^^ _ 

,0 and BB,, .nsulxn Ir^e 9 ^^^.^ ...eptors. 

„ansfor.ing growth 

nu.an ser« aXbu..n, alpha fe p ^^^^^^^ ^^^^^ 

.^unog.o..Uns he^atopoxetr factors, co.pXe.ent 

or-L^nd the.r receptors .such as 
15 factors, steroid h „i„eralocortical hormones, 

glucocorticoid homones :^ne. ,,,,,,„,s) , 

sexuai steroid hormones 

matrix proteins (such as ^^^^ as 

\ Other bioact^ive h ^ 
.i„onect.n, etc^> . ,,ag.ents, angiotensrn 

20 adrenocortxcotropic „3„i„tetic peptides, 

a„d rexated P^/';f;^;;^^^,,,,3 , che.otactic peptides, 
.„dv.inin -;;;;;;;;;j,,,,3, endorphms and 
dynorphin and related P P p,p,.des. 

Xipotropin ^"^^"";;;^J„„3,,„aX peptides, growth 
2S enzyme J/^s! luteinizing hormone 

hormone releasing P-P"^;=; ■ melanocyte 
releasing hormone and relate P P „^„<„,„si„ 

3.i„uxating ^t/.r tp.ides. oxytocin, 

and related peptides P^^ ^^^^^^^ 

30 vasopressin, vasot protein kinase 

parathyroid hormone somatostatin and 

related peptides (including PKC) 
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related peptides, and substance P and related peptides 
(such as isoleucine, threonine, tryptophan, etc.). 

The bacteria of the present invention can be 
screened to identify and select for the production of 
5 specific biological products, using conventional 
techniques. For example, commercially available 
antibody probes can be used to screen these 
microorganisms. Suitable antibodies are conventionally 
available from such sources as Sigma Chemical Co (St. 
10 Louis, MO) and ICN Biomedical (Irvine, CA) . Other 

techniques for identifying and/or selecting bacteria of 
the present invention based upon the nature of the 
eukaryotic gene product expressed will be apparent. 
For example, bacteria which overproduce an amino acid 
15 can be isolated by culturing the cells, following the 
low oxygen culturing step, in a medium containing 
inhibitory concentrations of that amino acid. 

The bacteria of the present invention can also be 
used to understand the interrelationships between 
20 complex human gene clusters. Several of the bacteria 

produced by the present invention express gene products 
which are known to be located on several different 
chromosomes. Bacteria which contain genes clusters 
provide a unique opportunity to study the function and 
25 effect of various stimuli on the gene clusters in an 
organism with smaller genome than the human genome. 

In a fourth aspect, the bacteria of the present 
invention can also be used to generate vaccines against 
retroviruses or other viruses. Because the bacteria 
30 can contain both animal and viral genes, the 

microorganisms can be used as a "modified" form of the 
virus to raise an immune response against the virus in 
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, host animal. Conventional techniques can be used to 
generate iive vaccines ^^-^ ^ ^^^^^^^ 
Alternatively, the bacteria cen be y 

. i,te killed vaccines using conventional 
to or^ulate lUe polypeptides or 

chnicues conventional techniques for preparing 
techniques. ^^^^^ described in ^ 

vaccines can be used suci Marcel 
^ion vaccinsa (Woodrow and Levine, Eds., Marcel 

Tr^r- • New York, 1990) . 

Dekker, Inc.. wew rovirally- 
Tn this aspect of the invention, a retrovirai^y 
in thxs asp ^naerobically/aerobically 

infected animal cell which is an ^ , , 

intecteu cell from the phyla 

cultured is preferably an animal cell 

a^nst bovme. porcme, — 

eauine, avian and fish diseases. For example, 
canine/ equin^f « ^ ^ - ^ ^ r> r^?ki-t.le 

.«ainst Staphylococcus infections in cattle 
vaccines against ^^cdf^ y . ^ feline 

T^r^d and vaccines against feline 
rn:e::io:: vrr:res^such as .eime in.ectious leu.e.ia> 

".:::rrnle. e^odl^ent. the bacteria o. the 
present invention can be used to provide systems for 

preseni: WAf^teria, retroviruses 

the ----^ -'^^::::::r:is as : "iprisin. 

^'"°^T::rZtLl and/or retroviral antigens, 
rrarint -Ies including both monoclonal and 
rritnal antibodies, can be epared a co^-g;^^^^ 

techniques using the bacreri^, 
conventional tecnniq antiqen. Suitable 

^ r^•r oroducts therefrom as antigen, 
trr^^errdescribed in Antibodies. . laboratory 
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Notebook (Harlow, E. and Lane, D., Cold Spring Harbor 
Laboratory, Cold Spring Harbor, NY, 1988) . 

The bacteria of the present invention also can be 
used to provide expression systems or expression 
5 vectors for the production of various animal or 

eukaryotic proteins for both therapeutic and diagnostic 
purposes- Background and suitable techniques are 
described in Plasmids: A Practical Approach {Second 
Edition, Hardy, K. G., IRL Press, Oxford, 1993) and 

10 Genetic Engineering of Microorganisms (Puhler, A., VCH 
Verlagsgesellschaf t, Weinheim, 1993) . 

In addition to the biological products described 
above, the bacteria of the present invention can be 
used to provide industrially useful biological 

15 molecules, such as enzymes. "Industrial" or "bulk" 

enzymes include amylases, cellulases, lignocellulose- 
degrading enzymes, pectinases, proteases, and ligases. 
Bacterial sources and applications of these enzymes are 
described in Protein Biotechnology (Walsh, G. and 

20 Headon, D., Wiley, Chichester, 1994). 

The bacteria of the present invention also can be 
used to provide antibiotics. Bacteria of the genus 
Bacillus produce antibiotics such as bacitracin and 
polymyxin. Actinomyces of the genus Streptomyces 

25 produce antibiotics such as streptomycin, 

chloramphenicol, tetracycline, and erythromycin. The 
microbiology of these bacteria is described in Biology 
of Microorganisms (Brock, T. D., Smith, D. W., and 
Madigan, M. T., Prentice-Hall, 1984). 

30 Having generally described this invention, a 

further understanding can be obtained by reference to 
certain specific examples which are provided herein for 
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1 ^r.H are not intended to 
p„p„es of illustration only and are n 

L U.itin, unless otherwise spec.f.ed. 

^^^^.inized culture flasKs containing 5-6 x 10^ 
5 Gelatin confluence 

RT-HCMV endothelxal cells (g ..^31^ in 50 ml of 

.eroMcallV. are ^J-- ^ o^Me^.u. an. 

"^"-^r;::rtrni: eo I OMSO .issue culture ,ra.e,. 
Ham's rl2 cont^i ^ ^ 

•^^ mM succinate, 
,0 11 fructose 3S ™M^^^ 

are prepared by flushing the »ediu. with 
conditions are P P ^^^^^ pri°^ - incubation. 
„,„ogen for 10 ^^^^^^ ^^^^ 

'"'""Lric "ar lo^ained fro. Becton oic.inson and 
- °r";!ras to have both a ,as inlet and a gas 
The Ms line into the anaerobic ,ar is 
I'd to a 0.20 pm sterile filter in order to 
connected to 0 " contaminants in the 

filter out possible ^.^^ ^.^^ anaerobic 

20 nitrogen gas '^'^""^ Vilely vented culture flasks 
J,., containing the ste ile y^^^ ,,„o,ically 
„,,.euKaryotic cells ^^^^^ ^^^^^ 

flushed With stern measured by an 

- effluent ensure an 

2S oximeter '-"^f^/J",,, ,„,,,„Mc , = r gas lines are 
anaerobic atmosphere. T ^^^^^ 
then clamped tightly and the oar P ^ 

4-^1 V/ 18-24 hours in a ceix 
approximately xo 

^^"""rfreri'-rrours, t.e anaerCic ,ar is ta.en from 
K t-.r The jar is opened to the 
cell rented culture flas.s are 

atmosphere and the see 
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quickly sealed to prevent exposure to aerobic 
conditions. Each flask is examined under a tissue 
culture microscope at room temperature in a well-lit 
(fluorescent lighting) laboratory. After 1-2 hours, 
5 medium samples of 2-3 ml are aspirated from each flask 
under sterile conditions for further microscopic 
examination, thus briefly exposing the flask contents 
to aerobic (microaerophilic) conditions. The sterilely 
vented culture flasks are placed in the anaerobic jar, 
10 which is flushed with sterile nitrogen gas as described 
previously. During this reinstitution of anaerobic 
conditions, the culture flask contents are exposed to 
aerobic or, more probably, microaerophilic conditions. 
This procedure is repeated after another 18-24 hours. 
15 After approximately 72 hours of alternating 

anaerobic/aerobic incubation as described above, the 
RT-HCMV endothelial cell suspensions are filtered 
through sterile, 0-22 um Millipore filters (available 
from Millipore, Bedford, MA) in order to exclude 
20 eukaryotes and any cell-walled bacteria. Filtrates are 
plated onto Mannitol Salt Agar (MSA) medium or 
Staphylococcal Medium 110 Agar and incubated in air at 
37^C- After several days, distinct colonies appear on 
the plates. For the isolation of Micrococcus iuteus, a 
25 0.8 um sterile filter is used to exclude eukaryotes 
prior to aerobic bacteriological culturing. 
rnmparative Example 1/A 

Controls containing medium only are treated in the 
same manner as Example 1. No microbial growth is 
30 observed following the aerobic bacteriological 
culturing of medium from these control flasks. 
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Q^m^^^^i^^^'^-^^^ .,,^er or not "overt" 

Tn order to determine whether or n 

— r-trrr rmr.... ... 

endothelial cell line, « bacteriologlc 

-i";"r3r:e:;;::c:::;jp..ca.e .o.. 

:::;:vlo occus b.o... a„a ^.e =tan<.a.a .eaiu. use. to 

btapuyj-^ Cultures are 

RT-HCMV endothelial cells. Culzuj.^ 
culture RT-HCMV eu ^. n„ and at 3TC . After 

,„.„.3«. in a ;urA.lt.re. a.e 

„ a4 hours, ^^^-^^l\ll;^\[;Zl^ lo a,a., lncul>atln, 

plated onto 10 days, no growth 

plates in air and at 3J C. 

,3 observed on these ^'^^^l' 

°-"^^"%::^ra: :io CO =:= «e:iu. no culture 

ll.uld cultures, ,,,,,,3. and the 

,3 ;; ;:„p.,iococcus .eaiu. no 

,,..rates are P „^ ,,,,, ,.,s in air at 

t hacter" 1 ,ro«th is observed on anv o. these 

^"":n addition. KT-HCHV endothelial cells are 
cultured aerobically In the -^^^ ° H,,^, 3„d 

anaerobic incubatxon of RT HCM _ ^^.^^^.^ s for 14 

•i-K R^rto Mycoplasma Suppiemenu 
,n PPLO ; L,:,,,„ed in conditions 

These mycoplasmas ,10% 

suitable £or the aeroDi cultured eukaryotlc 

CO ■ 35"C) . common "contaminants o£ cultur 
CO,, 35 C), nulture- A Practical Approach, 

cells (Animal Cell '^"""'^^^ ,,,ss, 
second Edition, Freshney, R. J, .„ ,^,3 

J -.Qooi isolating no mycoplasmas 
30 oxford, double-step-PC. molecular 

manner, a hignry daaenerate primers is 

phylogenetic method using nested, dege 



25 

CO,; 
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used to detect gene sequences coding for the 
evolutionary conserved 16 S rRNA of some 25 different 
mycoplasma species including those most commonly found 
in cell cultures f Hopert et al . J. Immunol. Meth. 
5 (1993) 164 :91) . The predicted mycoplasma 16 S rRNA 

gene sequence from positive control samples. Mycoplasma 
fermentans (ATCC 19989) and Mycoplasma pirum (ATCC 
25960) DNA is amplified. No mycoplasma 16 S rRNA gene 
sequences from the DNA of aerobically cultured cells 

10 lines/strains, including non-transformed human and 

porcine cerebral microvascular endothelial cells^ and L 
cell-virus transformed human (RT-HCMV) and porcine 
(RVTE) cerebral microvascular endothelial cells, are 
amplified. Further phylogenetic analyses of mycoplasma 

15 16 S rRNA's through Genbank indicate that the PGR 

primers/method should detect corresponding mycoplasma 
16 S rRNA gene sequences from the DNA of any anaerobic 
mycoplasma (s) which might be dormant in aerobically 
cultured RT-HCMV endothelial cells. 

20 These experiments indicate that the bacterial 

isolates are not contaminants in actively propagating 
RT-HCMV endothelial cells cultures. The experiments 
rule out the possibility that contamination of RT-HCMV 
endothelial cells occurred coincidentally , thus 

25 demonstrating the importance of the subject process for 
deriving the bacteria. 
Comparative Example 1/C 

The RT-HCMV endothelial line is subjected to 
rigorous sterility and mycoplasma testing in order to 

30 exclude the possibility that the cell line harbors 
bacterial, fungal or mycoplasma contaminants. The 
methods for bacterial and fungal sterility testing 
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exceeds OSP XXII and/or 21 C.F.R. S 58 
„.ets or excee „3ts for the 

„<,uire.ent.^ Thej^y P and „on-cuItiva.Ie ,Ve.o 

'ZZlt P--a. sterUitV and .v=oplas.a 

cell assay) my h described m 

;.ni«al Cell Culture^ A P 

Edition (Freshney. R. •' ^„ 

■,0, DT-urMV endothelial cell iine 
1992) . The RT-HCMV en bacterial, fungal or 

be negative tor the presence o£ bacter 
j^O mycoplasma contaminants. 

^'--^'-'^^'^^^"'"'^^y endothelial cells are 

Human bra.n "P^""/ ^ „„,„e retrovirus 

transformed with the L cell 



15 



20 



25 



30 



1-Pchniques similar to tnose 
„srng technxg transformed porcrne 

establishment of retro J (Robinson 

cerebral -=77^- '^trtrt-" 

et al., Bls^ <l''l' ' microvascular (RT-HCMV, 

transformed human "P^-- "^^^ ^„^,,,,,e from the 

endothelial ceiis. oorkville, Maryland, 

^ ^ nature Collection, RocKviii-'s, 
^^erican Type Culture 

USA, under accession number ATCC ^^^^^ 

: fi:::-^^^^^^^ - 

- CO. and at ; ;.„taining .-e x l. 

Ttheii'al cells are subjected to various 
«,.„C„V -"'^'^^l)"'; ^,,,,,,e, dimethylsulfoxide or 
concentrations of sodiu ^^^^^^ ^^^^^^^ ^^^^^^ 

.parogen sulfide adde ^^^^^^^^^ ^^^^^^^^ 
,..„bated under aer , temperatures 

fluctuations of oxyg examined daily for up 

between 30-21'C. The cultures are 
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to one week for any signs of microbial outgrowth. In 
addition, eukaryotic cell samples subjected to these 
conditions are examined by electron microscopy. No 
bacteria are isolated from these experiments. 
5 rr>tnparat i ve F.xample P 

RT-HCMV endothelial cells are cultured in medium 
199 supplemented with 100 yg heparin/ml, 2 mM L- 
glutamine, and 10% heat-inactivated fetal bovine serum 
(FBS) . Prior to seeding, all cell culture flasks are 
10 pretreated for 15 minutes (followed by a Ix PBS wash) 

with 1% gelatin (2% sterile gelatin solution from Sigma 
diluted with an equal volume of sterile tissue culture 
grade water) . Twelve T-75 flasks with standard (no 
filter) caps at passage 6 are used. Each flask 
15 contains approximately 2.23 x 10' viable (trypan blue- 
excluding) cells/flask. Medium is aspirated from six 
of the flasks, and each of these flasks is re-fed with 
sterile nitrogen (N,) -flushed medium and Ham's/F12 (1:1 
proportions supplemented with 80 mM DMSO, 11 mM 
20 fructose, 25 mM succinic acid, 800 mg L-glutamic acid, 
and 100 ug heparin/ml. All medium is filtered using a 
Corning 0.22 pm sterile filter unit. Prior to feeding, 
the medium is flushed with sterile nitrogen gas for 10- 
15 minutes. One flask without cells containing sterile 
25 N^-flushed growth medium is used as a medium control 
flask. The seven flasks are transferred to the 
anaerobic chamber, and the chamber is sealed and purged 
with sterile-filtered N, four times over approximately a 
two hour period for a total flush time of approximately 
30 one hour. The air in the chamber is analyzed for 

"oxygen concentration with a Fryrite analyzer until the 
O2 level reads 0% for at least two consecutive Fryrite 
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o t.s.s. The tubin, to the cha-nbe. is clapped off and 
ll L^e. is Placed .or approxi.a«iv 72 hours rn an 

^-nrd:" «a"s ar. aspirated and re-fed «ith 
the same growth medium (2S ml/flask), which is not 

. With one fias. .with no ceils, c - "rn, 

medium only is included as a medium 
These seven flasks are incubated aerobrcally for 

„ ^ ^ ofior + 2*^0 in the same 
approximately 72 hours at 36 C ± ^ 

;rr;:: r.: ;r::r.;:.r:r ..... 

i^H The flasks are observed 
nuickiv sealed. me i.xo^ 

observations are recorded, 
.icroscopxcally and th ^^^^^ ^^^^^^3, 

These observations are ^^^'^ in a laminar flow 

The flasks are then placed unstacked xn 

^ lioht for approximately 30 
w H ,ir>rter fluorescent lignt rot 

hood under rj.u loosened, and 

After 30 minutes, the caps are 
minutes. Alter ;,nother 2-3 minutes, 

the flasks remain in the hood for --<^^'^-^ 

The flasks are then transferred to the 

^.1 anaerobic chamber, which is sealed and 
experimental anaeroDi affluent gas measures 

flushed with sterile untxl the effluent g 
0. oxygen. The tubing to the chamber is clamped off 

r hamber is placed back into the incubator. The 
and the chamber P ^.^,,3, ,,,,er and 

control flasks are manipulated 

returned to the incubator. ^^^^^^^ 
After 72 hours incubation, the chamber 

. V, ™k^t- The contents from 
flasks are removed from the chamber, 
flasks are scraped and vigorously 

, each ,,.es With a 10 ml pipet 

n^ixed and aspirated .^^^lowed by vortexing for 

for approximately 2 minutes, followed y 
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approximately 2 minutes. The contents from the 
experimental flasks are pooled, and the samples are 
collected for sterility and mycoplasma assays. The 
remainder of these pooled samples are then sterile 
5 filtered through a 0.22 um filter, and the filtrate 
samples are collected for sterility and mycoplasma 
assay. The control cell flasks are treated in the same 
manner, and the samples are collected for sterility and 
mycoplasma testing. The remainder of the control 
10 material is filtered through a 0.22 um filter, and the 
filtrate is collected for sterility testing. A 
duplicate experiment using procedures similar to those 
described above is performed. 

One part of the bacteriological culture phase of 
15 the process involves plating both experimental and 

control samples on mannitol salt agar (MSA) , Staph 100 
(SlOO) agar, or blood agar (BDL) , followed by 
incubation at 36°C ± l^C for 14-21 days. Another part 
of the bacteriological culture phase involves extensive 
20 sterility tests (aerobic and anaerobic) with both 
positive and negative controls. Positive controls 
include Bacillus subtllls, Bacteroldes vulgatus, 
Staphylococcus aureus, and Candida albicans , These 
sterility tests meet or exceed USP XXIIl and/or 21 
25 C.F.R. § 610 requirements. 

The mycoplasma tests (aerobic and anaerobic) are 
designed to detect both agar-cultivable and non- 
cultivable mycoplasmas in large sample volumes using 
two test systems: agar isolation and Hoescht staining 
30 of Vero (monkey kidney) cells inoculated with 

experimental and control samples together with positive 
and negative mycoplasma controls. The sterility and 
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ri^^cribed in Animal Cell cuitur 

descriDcu . jj^^ Press, 

second Edition (Freshney, R. Ed., 

oxford. 1992.^ incubation, £ive 

After one to sevei-aj. 

j,re isolated from the 
Gram-positive rods are isoia eukaryotic 
• ironical cultures of experimental euKaryo 

:r.;r;.: :rr."r.:.,.... 

Observed Ml ^ controls (aerobic 

an.erobic/aer ^^^^ culturing. These 

outgrowth ^""J are evolved de 

experiments indicate i:nci 

novo from eukaryotic cells. 

^^^^^^^^^^^^^^^^^-^^ performed in which RT-HCMV 

Two experiments are pexi. 

eells are subjected to approximately 12 hours o£ 
anaerobic conditions in the experimental anaerobic 
anaerobi periodic introduction (or 

chamber without the p ^^^^^p^,,, ,„,in. the 

rpintroduction) of an aett..j . i 

.otic cell culture phase. Eukaryotic cell 
eukaryotic cell controls (aerobic and 

Tyt^tre . rid in tande.. «o bacteria 
r::::; air ate iLlatea .om the bacteriological 
cultures of experimental and control samples. 
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In order to determine the further f ilterability of 
these bacteria, the isolate, Micrococcus luteus, 
obtained in Example 1 after filtration through a 0 . 8 
5 filter is returned to the same initial alternating 
anaerobic/aerobic culture conditions used for its 
isolation from RT-HCMV endothelial cells. After 72 
hours, the bacterial cell suspension is filtered 
through a 0.22 pm Millipore filter, plated onto MSA, 
10 and incubated in air at 37^C. Within several days, 

colonies of bacteria are observed growing on MSA. One 
of these colonies is classified as a Staphlococcus 
hemolyticus. 
F.vample 4 

15 To demonstrate that the isolation of bacteria is 

not peculiar to the RT-HCMV endothelial cell system, 
actively propagating cultures of retrovirally 
transformed porcine cerebral microvascular endothelial 
cells (Robinson et al . , Blood (1991) 77:294), L929 

20 cells (ATCC CCL 1) and murine lymphoma cells (ATCC 

TIB52) are treated in the manner as described above in 
Example 1. Gram-positive bacteria are isolated from 
the cultures originally containing retrovirally 
transformed porcine cerebral microvascular endothelial 

25 cells. In L929 cells transformed with another murine 
retrovirus, gram-positive bacteria are observed in 
Staphlococcus Broth within 24 hours of inoculation from 
an anaerobic/aerobic experiment. In the murine 
lymphoma cells transformed with the Abelson MuLV, gram- 

30 positive bacilli are obtained. 
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Qsm^^^^^'^^-^'''^'''^'^^^ . or not the presence 

Tn order to determine whether or n 
In oraex u this process, 

- an :ro:: : :..e. 

. • ,ATCC CRL 1807) and a human colon 
cell ixne (ATCC CRL ^ ^^^^^^ 

adenocarcinoma cell p^^^^ 
1 is repeated using these ceix 

cocc. ana one --X/tr^r^o cL cu...... P-^e. 

qv40 cells during the bacterio y 
rL:...ia are i.o.a.ea ... -an co.on 

a^_ j1 orr h"lQqv : filtered through a 

• ^ hacterial isolates are filters 
AS nine bacteria ^-.^or to plating on 

. n 22 urn Millipore filter prior 
0.20 or a 0.22 urn exhibit an L-form or 

definition, they exniux 
solid media, by detmi ^ ^.^^ 

„u wau .rru-r.r. .o... s..a... 

cycles (Mattman, Cell Florida, 

^nd ed., CRC Press: Boca t^ctu 
..thogens , 2nd^ e ■ ^^^^ fermentation 

3":::=: "xates are =ate,ori.ea .nto t.ree 
patterns, these j-^ ^ 

groups, designated I, a" .^^^Ites were subjected t< 

Five of these bacterial isolates 
■ o bacteriologic analyses at the ATCC. 
extensive bacterio g ,,^33ified as Wicrococcus 

• a^-oc; were ciassii- j-^'-* 
xnaividual ,,,p.,,ococcu= aureus 

auteus (isolate 1. or ^ ^^^^^^ epider»,idis 

1 9P* Group II) f ^t-af^-'^-y 
(isolate 2P, P ,,ccus he.olyticus 

1 ot-o Group I)/ :?t*3piiy-«- 
0 (xsolate 5, er p gilding motility was 

(isolate ic; Group ID- ^ 
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documented in some strains. In addition, several 
strains grew well on PPLO agar exhibiting a classic 
"fried egg" colony morphology. 

Another five bacteria derived with the subject 
5 process were classified as different isolates of 
Bacillus llcheniformis, a GRAS microorganism- 
Filtration is not performed prior to the 
bacteriological culturing phase in the production of 
these bacteria. 

10 Morphology studies of the isolates with light 

microscopy revealed an ultrastructure that was 
extremely pleiomorphic . In the case of the 
staphylococcal isolates, the bacteria exhibit a fairly 
uniform coccoid morphology when cultured in 

15 Staphylococcal Broth, . In many samples examined, 
abundant extracellular material is present. 
Morphologies that appear to be of neither a prokaryotic 
nor a eukaryotic nature were often observed in culture 
in Staphylococcal Broth. When cultured in the standard 

20 medium used for the culture of RT-HCMV endothelial 
cells, i.e. with a low salt concentration, various 
bizarre morphologies were often observed, 
fi, Prg^sence of Retroviral DNA 
The presence of the retroviral DNA in the 

25 bacterial isolates, derived as described in Example 1, 
was demonstrated by PGR amplification of a 500 bp 
portion of the retroviral gag gene. The L cell virus 
gag gene is detected by PGR analysis of L929 cell DNA 
with primers designed to amplify a 500 bp fragment of 

30 the Moloney MuLV gag gene followed by restriction 
enzyme analysis. 



BNSOOCID: <WO ^9813472A1J_> 



wo 98/13472 



30 



PCrAJS97/16652 



10 



15 



20 



. .KoiHal cell DNA and isolate 2P 
RT-HCMV endothelxal ,,,ivzed via PGR 

o ^nreus") DNA are analyzea 
Staphylococcus ,,^g„ent of the 

p.i.ers designed to a^P-^^^^^^^ .Lt.iction enzyme 

and analysis. Usxng the pu ^-.543), 
Moloney HuLV (ShinnicK et al., ^ ^ 

„^ PCR oligonucleotide primexs 
the following PCR oiig downstream, 

synthesized: upstream, bp ^''[^^^ 

1^ on-^^ PCR conditions pej. 
,p ac. « .P ; „,„3, ,„„e. ,BRL,, 2.0 

include the use of Ix l q F ^^^^ primer, 

^ 200UM a«T.s "-^j; ^/,,_i. 0... 

0.. units Ta, P°^V--e <B.L,.^^^ ^^^^^^ 
cycling parameters are ^ ^.^^^^^ ^^.^ 1 

£or 40 seconds followed by „i„utes. 
.inute, and a . 3.0. agarose gel 

PCR products are electrop i3olated using 

(PerWn Elmer, J ^ ,,,, purified product 

CeneClean .Bio ^ °" ^ „r BglH (BMB) . 

i3 ^"trlcted -it ,,i„. 

selection of tne r products is 

^■F the 500 bp gag gene fL-K f 
for analysis of the du Restriction 

Moionev MuLV restriction map. 
based on a Moloney m predicated by a 

^ <,izes correspond to those p 
fragment sizes 

Holoney Ku.V restriction map^ ^^,„,,,,i,i cells are 

„sing — " „re protein. Isolate 2P 
shown to express the gag P ^^^^ protein 

e.presses significant ;:^;,,,3es small 

and related P-^^^; J/;^ apparent faster 

amount of p30 J previously documented 

0 -ectrophoretic moMlity P ^^^^ 

physicochemical trait 
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(Dickerson et al, .1984). Other CWD microorganisms 
isolated from the cultures also express p30 core 
protein . 

For immunoblotting equal amounts of protein from 
5 RT-HCMV endothelial cells, isolates 29 and 2W, the two 
historical cancer-related microbes, and the 
Staphylococcus aureus Woods strain 4 6 were loaded on a 
SDS-PAGE gel. After gel electrophoresis and transfer 
to a polyvinylidene dif luoride membrane (BIO-RAD) , the 
10 blot is probed with a 1:500 dilution of antisera raised 
against the Moloney MLV gag p30 core protein. 
Detection is performed with an alkaline phosphatase 
method. 

C. Presence of animal DNA, animal genes, 
15 And anim al aene products or proteins 

Subsequently, all isolates were screened for the 
presence of human gene products using western blotting 
or indirect fluorescent immunochemistry . Antibodies 
used to analyze the microbes include those directed 

20 against human serum albumin (HSA) , protein kinase C 
(PKC), basic fibroblast growth factor (bFGF) and its 
receptor, and platelet-derived growth factor dimers AB 
(PDGF-AB), the PDGF receptor, a-f etoprotein, 
transforming growth factor-pi and HLS-DS (a chain) . For 

25 western blotting equal amounts of protein from RT-HCMV 
endothelial cells, CWD bacteria 2P and 2W and several 
other isolates, the two historical cancer-related 
microbes, and the staphylococcal protein A-negative 
staphylococcus control were loaded in each lane. The 

30 microorganism described by Livingston-Wheeler et al. 
(in "The Microbiology of Cancer: Compendium", 
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^- ninic Publication: San 
Livingston «heel« Med.cal 

"^^=;:::;;;3Tn CO-UKe :.o«in ana is 

""^"r:: :r:::'. ct a s.p.y.ccoc.us ...o..ti..s 

identified by the a n^scribed by Seibert 

.Toc.^^ The microorganism descrioea y 
(ATCC 43253). The n 970) Hi.: 690) , which was 

1 (Ann M V . ftrad , ?^C3- • U^'"' J—* 
' ^tlTfron, b east adenocarcinoma tissue, 

airectiy ^,<„,,„, is identified by 

also produces an HCG liKe p 25614). The 

..CC as a --''>'--7/ - r e ItCC 10S3., 
Stap.Wccoccus ^=206. is used 

'"r:t:;:;io;or:f;;^-tive contro. ..er 

::;rc:rUresis and "-^-^/r^r r. 

/PvnF^ membranes r blots are h 
:;:ri: :r:-s. oetection is per.or.ed -itH an 

.l.aline P---;;;;j:rt" protein Kinase c and POcr 
. :::::::n e el sa^pxes e.tracted .to. several o. 

using protein p cancer-related 

• ^i^^t-f^s two historical, cancer 
tne rsolates, ' stapMlocoocal protern 

„3P^, -negative Staphy ,,,,,ion 
a control for '>^-/^V^ ,,,31, ^.2065, are 

''clutrT;:::;-^!^"^ protein are placed 
performed. ^^"^^ ^ electrophoresis and then 

in each lane for ^"^ J'^'^l membranes are then 

«^ i-n a PVDF membrane. 
transferred to PV ^ antibodies that 

probed by the respective poly 

recognize pan PKC, m. presence of 

m.w. 28-34 Kua several or more of the 

4-^-1 r.c; is observed in sevei-ax 
0 these proteins is 
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Isolate 2W expressed pan PKC (approx. m.w. 80 kDa) 
in significant amounts. Little, if any PKC was 
detected in Group III by western blotting indicating a 
"subspecies" variation in either genomic content or 
5 gene expression. Isolate 2P appeared to produce 

significant amounts of PDGF-AB dimers (approx. m.w. 
28-34 kDa) even when compared to the positive control. 
As in the previous observation concerning p30 core 
protein expression, the Staphylococcus warneri isolated 
10 by Seibert et al . appears to produce recombinant forms 
of PKC and PDGF. 

HSA is also detected in some of the CWD 
(staphylococcal) bacteria by immunoblotting . The 
pellet protein sample from isolate IC contained the 63 
15 kD form of HSA and related polyproteins and degraded 

protein. The supernatant protein sample contained the 
63 kD form and a significant amount of the 66 kD form. 
To confirm the presence of the HSA gene (cDNA form) in 
isolate IC, PGR and restriction enzyme analysis of a 
20 1.95kb HSA cDNA fragment sequence from isolate IC 

genomic DNA (Watkins et al., Prnn. Nat'l Acad. Sci . USA 
(1991) £8./ 5959) was employed. The cDNA form of the 
HSA gene was found in the genome of isolate Ic 
[Staphylococcus hemolyticus) . 
25 The presence of human serum proteins was 

documented in one isolate classified as Bacillus 
licheniformis. Using indirect fluorescence 
immunocytochemistry and a polyclonal anti-human serum 
protein antiserum (Sigma), this isolate exhibits a 
30 four-plus immuno-f luorescence, whereas a control 

Bacillus licheniformis (source: ATCC) exhibits a zero- 
to-one-plus immunofluorescence. Thus, this indirect 
fluorescence immunocytochemical technique documents the 
presence of expressed human serum proteins in an 
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, . of Bacillus llcM^itcmis derived with the 
isolate of aacix^u^ 

subject process. ^-derived Alu and LINES 

r.- nv the human eukaryote-derive 
Finally, the genomic DNA samples 

-'"-"rt:;r:ra::srn::.^ ^ 

5 from isolates 2P an electrophoresis DNA 

• „ (PrR^ technique. Gel eiectiun 
reaction (PCR) t J amplification 

shears typxcal of xnter p^^ ^^^^^^^^ 

..e observed when 9 ^^^^^^^ 

endothelial cells, ana ^^rcine genomic DNA 

=K«5e>nt when using porcine «d 
10 samples but a.e absent the presence 

samples as negative conttoXs ^^^^ ^^^^^ 

- -":;:r:r;ei separated Chromosomes 

(Nierman et ai, Lx.\ i American Type 

Citure coiiection: ^ ^^^.L^^ indicate that 

presence ot huma ^^^^^^^ ^^^^ p,,3,„, 

the genomes of the b 
,„„ention are evoiv d f r m^^^^^ 

Hav.n, now fullv ^^^^^ ,,,, 

be apparent to one o thereto 
.any changes and „pe of the 

„ithout departing from the spirit or 
invention as set forth herein. 
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T Claim: 

1. A method for producing a bacterium that 
contains a eukaryotic and/or viral gene, which 
comprises culturing virally-inf ected eukaryotic cells 

5 under low oxygen conditions to produce a bacterium 
containing a eukaryotic and/or viral gene. 

2. The method according to claim 1, wherein said 
low oxygen conditions comprise anaerobic culture 
conditions with at least one exposure of the cells to 

10 aerobic or microaerophillic culture conditions. 

3. The method according to claim 2 which further 
comprises subjecting the cells to an aerobic culturing 
step. 

4. The method according to claim 2, wherein said 
15 anaerobic culture conditions comprise an atmosphere 

containing less than or equal to 1 v/v% oxygen, based 
on the total volume of atmosphere. 

5. The method according to claim 4, wherein said 
atmosphere contains less than 0.1 v/v % oxygen, based 

20 on the total volume of atmosphere. 

6. The method according to claim 1 wherein said 
virally-inf ected eukaryotic cells are ret rovirally- 
infected mammalian cells. 

7. The method according to claim 6, wherein said 
25 mammalian cells are human cells. 

8. The method according to claim 1, wherein 
eukaryotic cell is a mammalian, avian or fish cell 

9. The method according to claim 8/ wherein 
eukaryotic cell is an endothelial cell. 

30 10. The method according to claim 1, wherein 

eukaryotic cell is a mammalian brain capillary 
endothelial cell- 



said 
said 
said 
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rlaim 1, wherein said 

virally-xnfected cell ^.^.^^ 
..o. .He .roup -nsis.^n, o L^ce^^ 

itnmunodeficiency v.rus J ' ^,^^3 Moloney 

virus (HIV), Ableson murxne leukemx 

murine leukemia virus. wherein 
12. The method according to claim 11, 

c= i.^ the L-cell virus, 
said virus is tne wherein said 

culturxng step is 

about 20 and about 50" C. „h8rein said 

The .ethod -7='^"^^;;;tLperature o£ about 
culturing step is carried out at a te P 

37^ C. . ^ war-1-priuin that 

15 A method for producing a ^ac^^^^ 

' a eukaryotic and/or viral gene, which 
contains a eukary ^i^allyinf ected eukaryotic 

co^P--^ Ca) least one 

.ells under 7jf;:;::,,,3erophiUc conditions, 
exposure to aerobic or conditions, 
culturing cells fro. --J- ..^t contains 
and (c) isolating at least o 

a eukaryotic or viral gene ^^^^^.^ 

16 The method according to claim , 

■ ,teD (b) is carried out m an 
aerobic culturing step ^^^^^ ^^^^^^^ ^^^^^^ 

atmosphere containing at least . 

1 irolume of atmosphere, 
on the total volume o ^. .^^^ le, wherein 

n The method according to claim 

n. ine luc oxygen, based 

said atnosphere contains more than 

,he total volume of ^''^^-^^^^^ „,erein 
18 The method according to clair» 
' said viially-infected eu.aryot ic cell is ^^^^^ ^^^^ _ 
retroviraUY-in£«cted mammaUxan 
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19. The method according to claim 15, wherein 
said virally-inf ected eukaryotic cell is a human brain 
capillary endothelial cell infected with the L-cell 
virus . 

5 20. The method according to claim 1, further 

comprising filtering the cells cultured in step (a) 
prior to said aerobic culturing step (b) . 

21. The method according to claim 20, comprising 
filtering the cells through a 0.1 to 0,8 jum filter. 
10 22- The method according to claim 21, wherein 

said filter is 0.1 to 0.45 A*m. 

23. The method according to claim 22, wherein 
said filter is 0.22 /um. 

24 . A bacterium containing a eukaryotic gene 
15 prepared by a process according to claim 1. 

25. A bacterium containing a eukaryotic gene 
prepared by a process according to claim 15. 
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